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In short-term (48 hr) culture hair follicles of the Sibe-
rian hamster retain both tyrosinase activity and the 
capacity to produce melanin. ~he addition of me.latonin 
to such cultures at concentrations between 10- 6 M and 
1o-to M brings about a dose-related inhibition of melan-
oge'rtesis but tyrosinase activity is unaffected. The use of 
a series of melatonin analogues and blockers suggests 
that the hair follicle melanocytes possess melatonin re-
ceptors, although their location remains to be deter-
mined. Melatonin also inhibits the increase in melano-
genesis brought about by a-melanocyte-stimulating hor-
mone (MSH) but again it has no effect upon the increased 
levels of tyrosinase which accompany this MSH re-
sponse. It is suggested that melatonin inhibits melano-
genesis through a mechanism which operates at some 
post-tyrosinase s tep in the melanin biosynthetic path-
way. 
In recent years significant advances in our understanding of 
melanogenesis and its control have been m ade as a result of 
studies on mela noma [1] but it is not clear to what extent these 
findings also apply to nonmalignant melanocytes. W e have been 
investigating the hormonal control of pelage pigmentation in 
the S iberian hamster, a species which shows a striking, photo-
periodically-dependent annual pelage c?lor cyc.le, being dark 
brown in summer a nd nearly pure wh1te m wmter [2]. In a 
recent publication [3] we have described how during the au-
t umn moult of this species, when unpigmented h air is being 
produced, th e ha ir follicles show an unexpected peak in tyrosin-
ase activity which is comparable in magnitude to t hat seen 
during the spring moult and the growth of the dark summer 
coat. Tyrosinase is the enzyme commonly considered to be 
responsible for th e conversion of tyrosine to dopa a nd dopa to 
dopaq uinone, these being the first and possibly the only en-
zyrne-catalysed step.s in the Raper-Mason. scheme for the bio-
syn t h esis of J?~lamn [1]. It .seems po~s1ble, there~ore,. that 
tyrosinase act1v1ty and m elamn productwn can be d1ssoc1ated 
and thereby separately controlled a nd that some neuroendo-
crine cue, probably induced by th e onset of short day photo-
periods, prevents th e enha nced levels of tyrosinase from being 
expressed as melanogenesis. It is known that the pineal gland 
and its indoleamine melatonin play an important part in the 
mediation of photoperiodically-dependent events in a number 
of species [4], including the development of the white winter 
coat in the Siberia n ham ster [5,6], but there is considerable 
debate about the relative importance of th e central and periph-
eral actions of melatonin [7]. 
W e therefore set out to determine whether melatonin could 
act on hair follicles in vitro to produce the situation that we 
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have observed in vivo, i.e., th e inhibition of m elanin production 
in t he absence of a n effect on tyrosinase activity. 
MATERIALS AND METHODS 
Animals 
The animals used in this investigation were adul t Siberian hamsters 
(Phodopus sungorus), which had been kept in long day (14L: lOD) 
photoperiods. Details of their housing and maintenance have been 
reported elsewhere [3]. 
Follicle Cultures 
Hair follicles were obtained from animals which had been killed by 
an i.p. overdose (0.3 ml) of veterinary Nembutal (Abbott Labs). The 
dorsal skin was removed and pinned out on a cork boru·d with the hair 
side down. After rinsing with sterile saline, the panniculus cam.osus 
was cru·efully removed with fine watchmaker's forceps, revealing the 
follicles embedded in subcutaneous fat. The follicl es were then scraped 
off with a scalpel. Follicles were pooled from 4 to 6 animals, thoroughly 
mixed, divided into approximately equal aliquots, c. 150 mg wet weight, 
and dispersed in 10 ml of cul ture medium consisting of RPMI 1640 
(Gibco) supplemented with fetal calf serum 00%, Gibco), penicillin and 
streptomycin (10 U/ ml) , BDH Chemicals), mycostatin (100 U/ ml, 
Squibb) and buffered with Hepes (20 mM ; Gibco) to pH 7.4. Aseptic 
precautions were observed throughout. Cultures were set up in tripli-
cate in closed, sterile 60 ml capacity polystyrene containers and incu-
bated in a shaking water bath at 37°C. 
1'yrosin.ase Activity 
Tyrosinase was determined according to the method of Pomerantz 
[8) whereby tyrosine-3-hydroxylase activity is estimated by the release 
of tritium, as tritiated water, from L-(3,5-"H) tyrosine (40-60 Ci/mmol, 
Radiochemical Centre, Amersham), approximately 10 ILCi of which was 
added to each culture at zero time. Immediately after this addition and 
also at the end of the incubation period (48 hr) duplicate 200 ILl samples 
of medium were drawn from each incubation vessel and their tri tiated 
water content determined as described by Logan and Weatherhead 
[3). Results are expressed as dpm x 10' / mg follicl es wet weight ± 
standru·d deviation. 
M elanin Determination. 
At the commencement of each experiment 3 aliquots of follicles were 
homogenised in 0.01 M Na1CO,. and frozen (= Oh controls). At the end 
of the incubation the fo llicles from each culture were separated from 
the remaining medium by centrifugation, homogenised in O.OlM Na1COa 
and frozen at -25°C. Both 0 hr and 48 hr samples were subsequently 
thawed and their melanin content determined fluorimetrically [3,9] at 
the same time as that of a series of doubling dilutions of a synthetic 
melanin standard (Sigma London Chemical Co. Ltd) so that the mela-
nin content could be calculated from this standard curve and expressed 
as ILg melanin / mg follicles wet weight ± standard deviation. 
Biochemicals 
Melatonin and its analogues (5-methoxytryptamine, N-acetylsero-
tonin, 5-methoxyindole and serotonin-creatinine sulphate complex) 
were all obtained from Sigma. Melatonin and 5-methoxyindole were 
dissolved at appropriate concentrations in methanol and 200 IL l added 
to cultUl·es; in these experiments control cul tures received 200 ILl of 
methanol alone. a-melanocyte-stimulating hormone (MSH) was a gift 
from Ciba/ Geigy. 
Calculation of Potencies and Statistical Analysis 
The relative potencies of the melatonin analogues were calculated 
from a series of experiments in which they were added to cul tures at 
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various concentrations between 10-"M and 10- "M. Dose/response 
regression lines were calculated for each compound on the basis of their 
percentage inhibition of total melanin production during the 48 hr 
incubation period. The potency of each compound was then calculated 
from the shift of these regression lines on the x-axis and expressed with 
reference to that of melatonin (= 1). 
S ignificant differences were tested by a one-way analysis of variance 
and Duncan's New Multiple Range Test. 
RESULTS 
Validation 
The viability of the culture system which we have devised 
was assessed by reference to its melanogenic capacities and Fig 
1 shows that both tyrosinase activity and melanin production 
are maintained by follicles in vitro for at least 48 hr, the period 
over which our incubations have been conducted. 
Melatonin 
Fig 2 shows the effects of melatonin on cultured hair follicles. 
Tyrosinase activity is unaffected by melatonin but melanin 
production is inhibited over a wide range of molarities when 
compared to control cultures incubated for the same length of 
time. This and other experiments reveal that melatonin brings 
about a dose-related reduction in the increase in melanin con-
tent normally seen in culture within the range 10- t;M to w - H1M; 
above 10- HM the inhibition of melanin production is total but at 
no melatonin concentration is the enzyme activity of the system 
altered. 
M elatonin Analogues 
In the Table the relative potencies of a number of melatonin 
analogues in inhibiting melanin production are expressed with 
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respect to melatonin (= 1). These potencies are compared with 
those found in the frog skin bioassay system employed by 
Heward and Hadley [10). None of these compounds had any 
effect upon tyrosinase activity. 
N-acetylserotonin was also tested for its ability to block 
melatonin inhibition of melanogenesis. Fig 3 illustrates the 
effects of 3 concentrations of N -acetylserotonin both alone and 
in the presence of 10- 6M melatonin, a concentration already 
known to inhibit melanin production completely. When both 
compounds are present in equimolar amounts, N-acetylsero-
tonin reduces the influence of melatonin by some 50%, taking 
into account the inherent activity of the former compound. At 
w - [)M the inhibition seen is entirely due to N-acetylserotonin 
and melatonin inhibition is completely blocked. At 10- 7M N-
acetylserotonin fails to block melatonin inhibition, which is 
comparable to that seen in the presence of 10- HM melatonin 
alone. 
Melanocyte-stimulating Hormone 
We have reported that MSH can stimulate both tyrosinase 
activity and melanin production in vitro in hair follicles taken 
from moulting, but not non-moulting, animals [11]. Fig 4 illus-
trates this effect and also demonstrates that with the further 
addition of equimolar melatonin to the culture medium tyrosin-
ase activity remains at these elevated levels but melanin pro-
duction, both that normally seen in culture as well as that due 
to the stimulatory effects of MSH, is completely inhibited. 
DISCUSSION 
Hoffmann [6] has reported that in Phodopus melatonin 
administration prior to the spring moult prevents the melani-
zation normally characteristic of the summer coat. The in vitro 
experiments described in the present paper conftrm that mela-
tonin is indeed a potent inhibitor of melanogenesis in hair 
follicles. The concentrations at which melatonin elicits this 
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FIG 2. Effects of melatonin on tyrosinase activity and melanin pro-
duction of hair follicles in vitro. Statistically significant differences (p 
= < 0.05) with respect to the 48 hr control cultures are shown by a 
star. 
Relative potencies of melatonin. and its analogues on the inhibition 
of melanin production in hair follicles in vitro compared with the 
potencies observed in the frog skin bioassay, data from Heward and 
Hadley {10] 
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FIG l. Time course of tyrosinase activity (-0-) and melanin pro-
duction (-e-) in hair follicles in vitro. 
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FIG 3. Blocking ability of N-acetylserotonin. (N-AC.SERO) on mel-
. inhibition of malanin production by ha u- follicles tn uttro. The atoni~ columns each show, on the left the effects of the indicated 
patlre ·ty of N-acetylserotonin above and on the right its effect in the 
mo an S · · ll · ' fi d 'ff ( resence of 10-" M melatonin. tat1st1ca y s1g111 1cant 1 erence p = ~ 0.05) with respect to the 48 hr control cultures are shown by a star. 
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F 4 Effects of MSH and melanin production of hair fo llicles in uitr~~ St~tist ically significant differences ( p = < 0.05) with respect to 
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·nhibition in vitro are well within physiological limits since 1 
arious authors (12,13) have reported mammalian plasma mel-~tonin concentrations which fa.U within the range 10-200 pg/ rnl , 
i.e. approximately 5 X 10- "M t? 1 X 10- ':M. The inhibitory effect 
of melatonin on melanogenesis occurs m the absence of effects 
upon tyrosinase, gener~y accep~ed as the rate-limiti~g enzyme 
in m elanin biosynthesis (1). Th1s confirms our earher m uwo 
findings that increased tyrosinase activity ~oes not inevita?ly 
result in melanogenesis and suggests that p1gment productiOn 
can be controlled other than through the regulation of tyrosin-
ase (3). Melatonin t hereb;Y s~ems a st~ong candidate for ~he 
short-day induced cue wh1ch IS responsible for the productiOn 
of the unpigmented hair phase in the annual pelage color cycle 
of Phodopus. However, in view of the variety of indoleamines 
and peptides which are being identified in the pineal [7), it 
would be wise to exercise caution in advancing the claim that 
melatonin is solely responsible for the inhibition of melanoge-
nesis in this species. 
The site and mode of action of melatonin in inhibiting mel-
anin synthesis is unclear . From their work on the melanin-
aggregating properties of indoleamines on the melano~ho~es of 
frog skin, Heward and Hadley [10] have proposed 2 cntena for 
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the identification of melatonin receptors based upon the relative 
potencies and blocking abilities of a series of melatonin ana-
loges. They suggest that melatonin receptors can be character-
ised fustly by the relat ive potencies of some of these analogues 
whereby melatonin >> 5-methoxyt ryptamine > 5-methoxyin-
dole > serotonin and secondly by a susceptibility of these 
receptors to blockade by N-acetyltryptamine and N-acetylser-
otonin at relatively low concentrations. The melanocytes of our 
hair follicle cultures satisfy both of these criteria since the 
potencies and potency ranking of a series of melatonin ana-
logues a re remarkably comparable to those found in frog skin 
(Table) and, furthermore, the effects of melatonin can be 
blocked by at lea tone of the analogues, N -acetylserotonin (Fig 
3). I t seems, therefore, that the melatonin receptors of frog 
melanophores have remarkably similar conformational require-
ments to those of mammalian melanocytes. What is not estab-
lished, however, is the location of these receptors. While th ey 
may be located on the surface of the melanocytes, the recently 
reported work by Cohen et al (14) suggests that such receptors 
may be found in the cytosol since they have demonstrated 
specific binding of ''H melatonin to this fract ion in several 
organs. 
Whatever mechanisms ultimately prove to be involved in the 
recognition and transduction of t he melatonin signal, it is clear 
that t he inhibition occurs at some point in t he melanin biosyn-
thetic pathway subsequent to tyrosinase, since melatonin in-
hibits melanin production without a corresponding effect upon 
tyrosinase (Fig 2) and it also inhibits the increase in melanin 
production found in t he presence of MSH but again has no 
effect upon the stimulation of tyrosinase which MSH also 
brings about (Fig 4). The claim that melatonin is operating on 
a post-tyrosinase step may be criticised on th e grounds t hat t he 
Pomerantz assay method measures only the conversion of ty-
rosine to dopa (8] and therefore it may be the further conversion 
of dopa to dopaquinone that is affected by melatonin, since this 
step too is catalyzed by tyrosinase. Oikawa et aJ (15] investi-
gated the fate of L-(3, 5-'1H) tyrosinase in both cell-free extracts 
and t issue cultures of melanoma cells and found that of t he 
t ritium-labeled reaction products present as tritiated water 
about 70% is due to the hydroxylation of tyrosine and the 
1·emaining 30% to the oxidative polymerisation of dopa to mel-
anin. It is not known what further proportion of this latter 
fraction is specifically due to the dopa to dopaquinone conver-
sion, but, if this step were completely blocked, then 30% of t he 
tritiated water product in follicle cultures, in which melanoge-
nesis was inhibited by melatonin, would disappear. Ou.r tyrosin-
ase assay is sufficiently sensitive to detect a diminution of this 
order, and it does not, in fact, occur. 
The question remains, therefore, as to the manner in which 
melatonin affects t he melanin biosynthetic pathway following 
the formation of dopachrome.· These reactions are generally 
considered to be nonenzymatic [1] but the possibility that a 
further enzyme or enzymes rriight be involved must be enter-
tained. These enzymes could be inhibited by melatonin, thus 
blocking melanin production, or they may be enzymes that are 
activated by melatonin and which then divert the melanin 
intermediates into other metabolic pathways that do not in-
volve the release of the tritium atom in the 5 position as 
tritiated water. It is also possible t hat melatonin, or some factor 
induced by it, interacts with melanin intermediates to prevent 
their interconversion or polymerization into melanin eit her 
directly or by interfering with t he production and assembly of 
melanosome proteins. 
We conclude that the hormonal control of pigment produc-
tion can be exercised other than through the regulation of 
tyrosinase but that t he nature of the inhibitory mechanisms 
activated by melatonin remains to be elucidated. 
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Dermatopathology 
Under the sponsorship and organization of the Foundation for Research in Dermatology an intensive 
2 day course entitled "Histologic Diagnosis of Inflammatory Skin Diseases: A Method by Pattern 
Analysis" will be given by Dr. A. Bernard Ackerman, Professor of Dermatology and Pathology and 
Director of Dermatopathology, New York University School of Medicine, at the Catholic University, 
Policlinico Gemelli, in Rome, Italy, on Saturday and Sunday, May 3 and 4, 1980. 
A method will be taught for making specific histologic diagnoses of inflammatory diseases in the skin 
by recognition of 9 distinctive patterns, namely, superficial perivascular dermatitis, superficial and deep 
perivascular dermatitis, vasculitis, nodular and diffuse dermatitis, subepidermal vesicular dermatitis, 
folliculitis and perifolliculitis, fibrosing dermatitis, and panniculitis. 
Enrollment is limited, and enquiries should be directed to Ferdinanda Serri, M.D ., Professor and 
Chairman, Dept. of Dermatology, Universita Cattolica, Largo Gemelli 8, 00168 Rome, Italy. 
